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The invention relates to determination of a home area in a cellular 
radio system where the mobility of subscriber terminals can be restricted such 
5 that the terminals only operate in radio cells included in the home area as- 
signed to them. The invention relates primarily to a wireless local loop (WLL) 
system, which utilizes fixed subscriber terminals. Since subscriber terminals in 
WLL systems are generally installed fixedly in a particular location, it is not 
usually necessary to provide the terminals with mobility, i.e. ability to set up a 

10 data link via any base station in the system. Even if WLL subscriber terminals 
were. terminals in a cellular radio system which also comprises mobile sub- 
scriber terminals (which are provided with the aforementioned.mobility), it is 
preferable that the- mobility can be eliminated or at least restricted to certain 
cells for WLL terminals which do not necessarily need free mobility. In such a 

1 5 manner it is possible to reduce the number of location updates and handover 
operations required, which saves system resources. There is thus a need in 
WLL systems to determine a home area for each subscriber terminal. 

In prior art arrangements a home area is determined for a specific 
subscriber terminal in such a way that when a subscriber terminal is added to 

20 the system, the operator checks for example from a map which radio cell pre- 
sumably covers best the geographical area where the subscriber terminal will 
be placed. The operator thereafter determines this radio cell as the home area 
of the subscriber terminal. The greatest drawback of this known arrangement 
is that the field strength of a specific radio cell may vary to a great extent from 

25 one place to another within the cell, especially in urban areas where buildings 
interfere with the propagation of signals. This means that the determination of 
a home area for a particular subscriber terminal can fail if the home area is 
selected entirely on the basis of the map. 

Another alternative manner of determining a home area for a sub- 

30 scriber terminal is naturally that the operator sends a maintenance man to the 
place of location of the terminal to carry out measurements on the field 
strength. The actual field strengths of different cells are thus detected at the 
location of the subscriber terminal. However, in practice it is too slow and ex- 
pensive to send a maintenance man to the place of location of the subscriber 

35 terminal. 
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The purpose of the present invention is to solve the aforementioned 
problem and to provide an arrangement for the determination of a subscriber 
terminal's home area such that the most suitable home area can be selected 
for each subscriber terminal in an easy .and reliable manner. This objective is 
5 achieved with a method according to the invention of determining a home area 
for a subscriber terminal in a radio system where the subscriber terminal com- 
prises measuring means for measuring the strengths of signals it has received 
from different base stations and for storing the measurement results in a 
memory, the method comprising a step of receiving a location updating mes- 

10 sage from the subscriber terminal. The method according to the invention is 
characterized in that the method comprises steps of transmitting, after the lo- 
cation updating message has been received, a command to the. subscriber 
terminal to transmit the measurement results it has stored in the memory, re- 
ceiving the measurement results from the subscriber terminal, identifying the 

15 base stations with the greatest signal strengths on the basis of the measure- 
ment results, and determining the home area of the subscriber terminal such 
that it includes at least one of the identified base stations. 

The invention also relates to a wireless local loop radio system 
where the method according to the invention can be applied, the radio system 

20 comprising subscriber terminals comprising measuring means for measuring 
the strengths of signals they have received from different base stations and for 
storing the measurement results in a memory, and transmitting means for 
transmitting location updates to other parts of the system, and a subscriber 
network element which communicates with an exchange and which comprises 

25 means for transmitting telecommunication signals between the subscriber ter- 
minals and the exchange via the base stations. The system according to the 
invention is characterized in that the system comprises detection means for 
detecting a location updating message transmitted by a particular subscriber 
terminal, transmitting means for transmitting a command to said particular 

30 subscriber terminal to transmit the measurement results stored in the memory 
of the subscriber terminal after the detection means have detected a location 
updating message transmitted by said subscriber terminal, receiving means for 
receiving the measurement results transmitted by said subscriber terminal, 
identification means for identifying the base stations with the strongest signals 

35 on the basis of the measurement results received from the subscriber terminal, 
and means, responsive to the identification means, for determining a home 
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area for said subscriber terminal such that said home area includes at least 
one of the identified base stations. 

The invention further relates to a subscriber network element which 
can be applied in the "system according-to the invention, the element compris- 
5 ing means for setting up a communication link to an exchange for transmitting 
telecommunication signals between subscriber terminals and the exchange, 
and a register of new subscriber terminals, which stores the identities of the 
new subscriber terminals. The subscriber network element according to the 
invention is characterized in. that the subscriber network element comprises 

1 0 detection means for detecting a location updating message- containing the 
subscriber identity stored in the register of new subscriber terminals, transmit- 
ting means which, after said detection of the location updating message, 
transmit to the subscriber terminal which transmitted the location updating 
message a command to transmit the measurement results stored in _a memory 

1 5 means of the subscriber terminal to the subscriber network element, receiving 
means for receiving the measurement results transmitted by said subscriber 
terminal, identification means for identifying the base stations with the strong- 
est signals on the basis of the measurement results received from the sub- 
scriber terminal, and means, responsive to the identification means, for deter- 

20 mining a home area for said subscriber terminal such that said home area in- 
cludes at least one of the identified base stations. 

Also, the invention relates to a subscriber terminal of a radio sys- 
tem, which can be applied in the system according to the invention and which 
comprises transceiver means for setting up a communication link via the radio 

25 path to other parts of the system, measuring means for measuring the 
strengths of signals received from different base stations and for storing them 
in a memory, and means for transmitting a location updating message to the 
other parts of the system. The subscriber terminal according to the invention is 
characterized in that the transceiver means are arranged to transmit the 

30 measurement results stored in the memory means to the other parts of the 
system in response to a predetermined command received by the subscriber 
terminal. 

The basic idea of the invention is that when a home area of a sub- 
scriber terminal is determined on the basis of field strength measurements car- 
35 ried out by the subscriber terminal itself, the determination of the home area 
becomes easier and more accurate. The determination of the home area is 



WO 00/21315 

4 

thus based on the actual situation at the location where the subscriber terminal 
will be installed, which means that the field strengths of different radio cells 
can be taken into account. A home area can also be determined very easily 
and rapidly when the subscriber terminal is commanded to transmit over the 
5 radio path the measurement results of signals it has received from different 
base stations after the subscriber terminal has transmitted a location update to 
the network for the first time. Therefore the measurement results transmitted 
by the subscriber terminal can be used to identify the base station(s) with the 
greatest field strength in the place of location of the subscriber terminal, 

10 whereafter the terminal can be assigned a home area containing at least one 
of these base stations. 

The greatest advantages of the invention are as follows: the deter- 
mination of a home area is based on the actual situation in the place of instal- 
lation of the subscriber terminal (and not on a situation assumed to exist only 

15 on the basis of the map, for example), the determination of a home area can 
be activated immediately when the subscriber terminal is switched on in the 
place of installation, which can be detected when the terminal transmits a lo- 
cation updating message, and reactivation of the subscriber terminal after its 
location has been changed is rapid since the required manual procedures can 

20 be performed in advance such that a location updating message transmitted 
by the subscriber terminal from the new place of location triggers a chain of 
events where the system automatically and rapidly determines a new home 
area for the subscriber terminal, whereafter the terminal operates normally. 

The preferred embodiments of the method, system and subscriber 

25 terminal according to the invention are disclosed in the appended dependent 
claims 2 to 4, 6, 7 and 10. 

The invention will be described below in greater detail by way of ex- 
ample with reference to the accompanying drawings, in which 

Figure 1 is a flowchart of a first preferred embodiment of the method 

30 according to the invention, 

Figure 2 is a block diagram of a first preferred embodiment of the 
system according to the invention, and 

Figure 3 is a block diagram of a second preferred embodiment of 
the system according to the invention. 

35 Figure 1 is a flowchart of the first preferred embodiment of the 

method according to the invention. The flowchart of Figure 1 can be used, for 
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example, in a WLL system shown in Figure 2, where a subscriber network 
element communicates with a local exchange of a public switched telephone 
network PSTN. 

In block A, the identity of a subscriber terminal is stored in a register 
5 of new subscriber terminals of one or more subscriber network elements. The 
subscriber terminal can be a terminal which will be used for the first time, or 
alternatively, a terminal which has already been previously assigned a home 
area but which changes its location so that the home area must be reas- 
signed. The identity of the subscriber terminal is preferably stored in the reg- 
"10 isters of new subscriber terminals of all the subscriber network elements which 
are situated near the future place of location of the subscriber terminal, deter- 
□ mined on the basis of the map, for example. y- . 

- In block B, a temporary subscriber connection and subscriber num- 

3 ber are activated for the subscriber terminal to each local exchange of the 

j2 15 PSTN which is connected to a subscriber network element storing the identity 
II of the subscriber terminal in its register of new subscriber terminals. 

« Block C comprises a step of creating addresses for the subscriber 

p terminal in the interfaces between the local exchanges and the subscriber 

|C J network elements. 

K 20 " When the operations shown in blocks A to C have been carried out, 

as? _ ■ 

3 - the subscriber terminal can be used in the areas of all the subscriber network 
afe elements which have the identity of the new subscriber stored in their memory. 

The process is thereafter on hold until the subscriber terminal transmits a lo- 
cation update. 

25 When a location update has been detected, the process moves 

from block D to block E where a command is transmitted to the subscriber 
terminal ordering it to transmit the measurement results. According to the in- 
vention, subscriber terminals continuously measure the strengths of the sig- 
nals they have received from different base stations and store the measure-. 

30 ment results in a memory. A subscriber terminal may store in its memory, for 
example, the data of the five strongest base stations (at least the signal 
strengths and the identity of the base station or its location area). Therefore 
data about the strongest base stations in the place of location of the sub- 
scriber terminal is always stored in the memory. 

35 The command to transmit the measurement results can be trans- 

mitted to the subscriber terminal for example in a short message. The com- 
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mand can be transmitted either immediately after the location update has been 
received or, alternatively, for example not until the following night (when the 

network traffic load is low). 

Block F comprises receiving the measurements results transmitted 
by the subscriber terminal for example in a short message. The measurement 
results are used to identify the base stations (radio cells) with the highest field 
strength in the place where the subscriber terminal will be installed. 

In block G, a home area including at least one of the identified base 
stations is determined for the subscriber terminal. When the invention is ap- 
plied for example in a WLL system based on the GSM (Global System for Mo- 
bile communications) system, a home area can be determined such that it 
consists of the location area of the strongest base station. Irv practice this 
means that all the base stations that belong to the aforementioned location 
area also belong to the home area of the subscriber terminal, whereupon the 
subscriber terminal is able to use all these base stations for communication. 
The subscriber terminal is thereafter prevented from using other base stations 
than those which belong to its home area for communication. 

In block H, all the unnecessary data is deleted from the system. In 
other words, after the home area has been determined, the identity of the sub- 
scriber terminal can be deleted from the registers of new subscriber terminals 
of all the subscriber network elements which stored it during the determination 
process. Correspondingly, the unnecessary subscriber connections and sub- 
scriber numbers that were created temporarily can be deleted from the local 
exchanges, and similarly the unnecessary allocations concerning the sub- 
scriber terminal can be deleted from the interfaces between the local ex- 
changes and the subscriber network elements. The data is maintained only in 
the subscriber network element and the local exchange which control the 
home area of the subscriber terminal. If the subscriber terminal has changed 
its home area, also the temporary subscriber number created in the new local 
exchange is replaced with the earlier subscriber number of the terminal (which 
is no longer needed in the old local exchange). 

The flowchart of Figure 1 is highly advantageous if the location of 
the subscriber terminal is to be changed in connection with a move, for exam- 
ple. In such a case the steps of blocks A to C can be programmed to the sys- 
tem in advance. When the location of the subscriber terminal changes in con- 
nection with a move, the location update detected in block D triggers auto- 
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matic execution of blocks E to H in the network without any operation being 
required from the operator. Therefore the subscriber terminal automatically 
operates in its new place of location and the subscriber does not have to wait 
for the operator to reprogram the network manually regarding his subscriber 

"5 terminal. However, it must be noted that if the subscriber terminal changes its 
location such that the new place of location is situated under the control of the 
same subscriber network element as the original place of location, the sub- 
scriber terminal cannot be switched on in the old place of location after the 
operations in blocks A to C have been carried out. Otherwise there is a risk 

10 that due to the location update originating from the old place of location the 
network may assume that the subscriber terminal has already changed its lo- 
cation, whereafter the network erroneously determines in blocks Eto H the old 
location of the subscriber terminal as its home area. 

Figure 2 is a block diagram of the first preferred embodiment of the 

15 system according to the invention. The WLL system shown in Figure 2 com- 
prises three subscriber network elements DAX1 - DAX3, which communicate 
with a local exchange of the PSTN, i.e. LE1 and LE2, respectively. The inter- 
face between the subscriber network elements and the local exchanges can 
be, for example, a standardized digital V5 interface, such as V5.1 or V5.2, the 

20 latter interface also enabling concentration (more subscribers than time slots). 
In the situation shown in Figure 2, the local exchanges, the subscriber network 
elements and the network management system NMS are also connected to- 
gether via a data communication network DCN. 

The WLL system shown in Figure 2 can be based on the GSM 

25 system, for example. The subscriber network elements DAX1 - DAX3 may be 
based on mobile services switching centres of the GSM system, and proper- 
ties that are irrelevant to the WLL system (such as properties related to han- 
dover operations which are not needed in the system of Figure 2 since the 
subscriber terminals are not provided with mobility) have been deleted from 

30 the switching centres. The subscriber network elements DAX1 - DAX3 are also 
programmed to operate together with the local exchanges of the PSTN, such 
that for example the dialled numbers (in connection with an outgoing call) re- 
ceived from the subscriber terminals are forwarded to the local exchanges for 
analysis. 

35 Subscriber network element DAX1 is connected in Figure 2 to three 

base stations BTS1 - BTS3. The base stations are divided into two different 
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location areas such that location area LA1 comprises two base stations BTS1 
and BTS2 and location area LA2 comprises one base station. Base stations 
BTS4 - BTS6 under the control of subscriber network element DAX2 belong to 
the same location area LA3. Subscriber network element DAX3 controls one 
base station BTS7 the location area of which is LA4. 

In the following, it is assumed that a subscriber terminal 1 is taken 
into use for the first time in the system of Figure 2. The WLL subscriber termi- 
nal 1 shown in Figure 2 may consist of, for example, a terminal equipment 
comprising a radio part and a teleadapater, and a user interface connected to 
the terminal equipment, i.e. a PSTN telephone set, such as a phone, telefax or 
a computer/modem combination. 

When the subscriber terminal is taken into use, the, operator first 
finds out which subscriber network elements serve areas near the future place 
of location A1 of the subscriber terminal. It can be seen from Figure 2 that only 
subscriber network element DAX1 serves the future place of location A1 of the 
subscriber terminal 1. The operator therefore adds the identity of the sub- 
scriber terminal in a register 2 of new subscribers of subscriber network ele- 
ment DAX1. The operator also activates a subscriber connection and a sub- 
scriber number from the local exchange LE1 for the subscriber terminal 1. 
Further, the operator reconfigures the V5 interface between "the local ex- 
change LE1 and subscriber network element DAX1 to take into account the 
needs of the new subscriber terminal 1 . The operator carries out the afore- 
mentioned operations in advance, for example when the subscriber terminal 1 
is sold. After these operations the subscriber terminal 1 can be used within the 
entire area covered by subscriber network element DAX1, which means that 
the subscriber terminal can freely utilize any one of base stations BTS1 - 
BTS3 for communication. 

After the user of the subscriber terminal 1 has installed the terminal 
in place and switched it on, the subscriber terminal 1 operates in the same 
way as a GSM system mobile station, i.e. first it performs measurements on 
the field strength in order to identify the strongest base station. It stores the 
measurement results in a memory. After the subscriber terminal 1 has identi- 
fied the base station with the greatest field strength on the basis of the meas- 
urements, i.e. for example base station BTS2, it transmits a location update 
via this base station to the other parts of the system. 
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A control unit 4 of the subscriber network element DAX1 comprises 
detection means, which continuously monitor location updating messages 
transmitted to the subscriber network element and compare international mo- 
bile subscriber identities IMSI contained therein with the identities stored in the 
5 register 2 of new subscriber terminals. Therefore the detection means detect 
that the location updating message originating from the subscriber terminal 1 
arrives from a new subscriber terminal. Transmitting means contained in the 
control unit of subscriber network element DAX1 thereafter transmit to the 
subscriber terminal 1 a message, for example in a short message, which 
10 commands "the subscriber terminal 1 to transmit the measurement results 
stored in its memory. The transmitting means can transmit the message im- 
mediately or, alternatively, for example the following night when-the network 

traffic load is low. " 

When the subscriber terminal 1 receives the command to transmit 

15 the measurement results, it retrieves from its memory for example the meas- 
urement results of the five strongest base stations, which it then transmits in a 
short message. The measurement results are forwarded to identification 
means, which may be placed in subscriber network element DAX1 or, alterna- 
tively, for example in the network management system NMS. The identification 

20 means identify the base stations' with the highest field strength in the place of 
location A1 of the subscriber terminal 1 on the basis of the measurement re- 
sults, i.e. base stations BTS2 and BTS3 in Figure 2. The system thereafter 
determines for the subscriber terminal a home area including at least one of 
the identified base stations. 

25 The home area of the subscriber terminal can be determined, for 

example, such that the location area of the base station with the best audibility 
is selected as the home area. In other words, if base station BTS2 has the 
best audibility, location area LA1 is selected as the home area of the sub- 
scriber terminal 1 . The subscriber terminal 1 is then able to utilize also base 

30 station BTS1 for communication since the location area of base station BTS1 
is also LA1. Alternatively, the home area can be determined on the basis of 
the base station identity, in which case the subscriber terminal is able to utilize 
only this particular base station for communication. 

When a home area has been determined for the subscriber terminal 

35 1, the network management system deletes the identity of the subscriber ter- 
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minal from the register 2 of new subscriber terminals of subscriber network 
element DAX1. 

If the place of location of the subscriber terminal 1 is to be changed 
later, for example to place of location A2, this is carried out similarly as de- 
5 scribed above. However, in such a case the operator adds the identity of the 
subscriber terminal in the registers 2 of new subscriber terminals of two differ- 
ent subscriber network elements DAX2 and DAX3, since both subscriber net- 
work elements control a base station covering area A2. Correspondingly, a 
subscriber connection and a temporary number are activated to the local ex- 

10 change LE2 for the use of the subscriber terminal. The operator also reconfig- 
ures the V5 interfaces between the local exchange LE2 and subscriber net- 
work elements DAX2 and DAX4 in order to take into account the needs of the 
new subscriber terminal 1 . 

When the subscriber terminal has moved to area A2, it transmits a 

15 location update forwarded to either subscriber network element DAX2 or 
DAX3. The subscriber network element which has received the location up- 
date, for example subscriber network element DAX2, continues operation as 
described above in connection with the introduction of a new subscriber termi- 
nal (a command to transmit measurement results, and transmission of the 

20 measurement "results to the identification means). When a home area has 
been determined for the subscriber terminal, the network management system 
NMS deletes the unnecessary data from the network, whereafter the sub- 
scriber terminal 1 can utilize only the base stations included in its home area. 
The NMS deletes the data of the subscriber terminal from the registers of new 

25 subscriber terminals of subscriber network elements DAX2 and DAX3, and 
cancels the allocation of the V5 interface between subscriber network element 
DAX3 and local exchange LE2. The temporary number activated to local ex- 
change LE2 is replaced with the number of the subscriber terminal used in 
local exchange LE1 . The data of the subscriber terminal is simultaneously de- 

30 leted from subscriber network element DAX1 and from the interface between 
subscriber network element DAX1 and local exchange LE1. 

Figure 3 is a block diagram of a second preferred embodiment of 
the system according to the invention. The embodiment of Figure 3 differs 
from the embodiment of Figure 2 in that it shows a part of the GSM mobile 

35 system which also serves WLL subscribers in addition to conventional GSM 
mobile stations. In the situation shown in Figure 3, the subscriber network 
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elements consist of base station controllers BSC1 and BSC2 of the GSM sys- 
tem, which control three base stations BTS8 - BTS10. 

When a home area is being determined for a subscriber terminal 5 
" in place of location A3, the operator stores data about the determination of the 

5 home areafor example in a home location register HLR of the subscriber ter- 
minal. When the HLR thereafter receives a location update from the subscriber 
terminal, it detects that 'a home area is being determined for the terminal. The 
system transmits to the subscriber terminal a short message containing a 
command to transmit measurement results. The results transmitted by the 

10 subscriber terminal 5 are forwarded to the network management system NMS. 
The NMS thereafter identifies the strongest base stations from the measure- 
ment results and determines a home area for the subscriber terminal 5 on the 
basis thereof. The data about the home area can be stored, for example, in 
the home location register HLR in connection with other subscriber data. 

15 )n tne system of Figure 3, the same subscriber terminal 5 can be 

assigned a home area which consists of radio cells that are spaced apart and 
belong to different location areas. If the home of the user of the subscriber 
terminal 5 is situated for example in area A3 and for example his vacation 
home in area A4, it can be determined in the home location register HLR that 

20 the home area of the subscriber terminal 5 consists of location areas LA5 and 
LA6. The subscriber terminal is thus able to utilize all the base stations in lo- 
cation areas LA5 and LA6. Since the home area is stored in the home location 
register HLR of the subscriber in connection with the other subscriber data, the 
information about the home area is also transmitted between different net- 

25 works together with the rest of the subscriber data, for example to a visitor lo- 
cation register of another mobile services switching centre. Therefore the 
home area of the subscriber terminal 5 can also consist of radio cells situated 
within areas of different mobile services switching centres. 

For example, if location area LA5 has already been determined as 

30 the home area of the subscriber terminal 5 and the home area should be ex- 
panded such that the terminal also operates in area A4, this can be imple- 
mented for instance in such a way that the home location register HLR is pro- 
grammed to wait for a location update which is transmitted via the base station 
controller BSC2, whereafter the home location register activates the determi- 

35 nation of the home area as described above. However, in such a case the 
home area is not restricted only to the location area LA6 of the strongest base 
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station BTS10, but also the old home area can still be used such that the new 
home area consists of location areas LA5 and LA6. 

It should be understood that the above description and the related 
drawings are only intended to illustrate the present invention. Different varia- 
tions and modifications of the invention will be obvious to those skilled in the 
art without departing from the scope and spirit of the invention disclosed in the 
appended claims. 



